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Exten sive clinical trials on thousands of normal subjects and patients established the sensitivity and specificity of this indigenously developed technique to be 96 and 98% for the diagnosis of peripheral arterial occlusive disease. and variability analyzer. 7 These instruments have been used by medical fraternity for different clinical applications. Arya Vaidya Sala (Kotakkal) and Ayurvedic Hitaishini Trust (Thane) have specifically used the variability analyzer for recording the peripheral pulse and studying the variability in heart rate and peripheral blood flow.
8,9
While analyzing variability analyzer data, it was noti ced that the morphology of the peripheral pulse varied as a func tion of time in a given individual and also from indivi dual to individual. It was observed that in a span of 300 seconds, an individual has a dominant pattern most of the time with other patterns interposing intermittently. A closer exami nation of the data in all the 300 subjects classified these pulse patterns in 8 different morphologies as shown in Figure 2 . Top left is the pulse morphology, commonly obser ved in normal subjects and bottom right is the pulse mor phology, commonly observed in patients with severe coro nary artery disease.
Karamchandani et al 10, 11 have tried several methods for auto matic identification of these patterns including dynamic time warping, parallel support vector, etc. Classi fication of these waveforms using dynamic time warping yielded an accuracy of more than 94%, efficient predictive values, and statistics evaluating measures such as MCC and kappa met partial success. We have used short term fast fourier transform (FFT) for the same purpose. The method and results are presented in this paper.
METHODS
Peripheral pulse analyzer, developed at Electronics Division BARC, has been used for this investigation. It comprises a sinewave oscillator, voltage to current converter, three sen sing amplifiers along with analog processing circuits, a low power microcontroller and a bluetooth controller commu ni cating with a personal computer as shown in Figure 3 . These signals are acquired at a rate of 500 samples per second and communicated to personal computer through Bluetooth controller for further processing and analysis.
The firmware includes acquisition of all the user selec ted signals at selectable rate and sending to PC through blue tooth controller. The application software has two parts; acqui sition and processing. During acquisition, after entering the personal data and basic settings for the subject, click on AQUIRE button starts data acquisition till the same button is reclicked or 275 seconds have elapsed, whichever is earlier.
At the end of acquisition, the data is saved in the prescribed file format. Also, the file can be converted to ASCII format and saved for processing on other software packages. For processing the file, the patient data is loaded by clicking on LOAD, signals are selected for processing and Selection Panel is clicked. Cursor is placed on third systolic peak in dZ3 (dZ3/dt is abbreviated as dZ3) and LOCATE PEAK is clicked. This automatically highlights all the systolic peaks in the signal.
Since data of one cardiac cycle gives poor resolution due to limited number of samples, 511 samples on the left side and 512 samples on the right side of the peak are given as input for shortterm FFT for higher resolution as shown in Flow Chart 1. FFT of these 1024 data samples is computed coefficients. Using data-mining technique, such as parallel support vector machine, they have developed an online tech nique as an aid to the physician for pattern recognition. The accuracy of the SVM model is largely dependent on the selection of the kernel parameters such as C and g, which are obtained using crossvalidation technique. They have obtained a clinical correlation of over 85% with cardio vascular conditions such as myocardial infarction, cirrhosis of liver and pulmonary tuberculosis.
These efforts helped in identification of pulse patterns; however they were inadequate for the study of mor phology varia bility. In order to assign a numerical value to pulse pattern, named as morphology index (MI), Kfactor and Fisher's ratio have been used by others in the past and have This algorithm has been incorporated in the application software of the instrument for obtaining the morphology variability as described below. Figure 5 shows the selection panel of the system. dZ1, dZ2 and dZ3 represent the peripheral pulses at three locations in wrist segment in a subject. HRdZ3 shows the heart rate variability in time domain. Three graphs on the bottom left give the blood flow variability and those on bottom middle give the morphology variability.
RESULTS
As can be seen from the figure MI_dZ3 shows wide variation in the morphology of the pulse ranging from 0.30 to 0.89. The shortterm FFT shown in the graph by the side of HR_dZ3 graph is for the peripheral pulse for MI equal to 0.89. The corresponding pulse pattern can be seen in the graph labelled dZ3, which resembles pattern P1.
The instrument has been used for screening nearly 100 subjects suffering from various disorders. Eight patients suffering from coronary heart disease have recorded patterns P6 to P8, with average morphology index ranging from 0.3 to 0.45.
DISCUSSION
Different morphology of the impedance cardiogram has been observed in control subjects 2 and patients 12 in the past several decades. Change in morphology in diseased state is understandable but the same cannot be explained in control subjects. Analysis of vector impedance cardiogram 13 in control subjects has shown that border line hypertensive or smokers record ICG parameters outside the range of control values. These observations led the authors to have a followup on 13 subjects recording type D waveform. 11 out of 13 cases suffered heart attack by the year 2000. This observation suggested the importance of morphological changes in control subjects. Physiological variability is one of the recent investigations added during the last two decades for the objective assess ment of autonomic function and for the assessment of prognosis in severe sickness like myocardial infarction, diabetic neuropathy, etc.
14 In addition to heart rate variability studied worldwide, few researchers have studied blood pressure variability and peripheral blood flow variability.
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Changes in the morphology of the peripheral pulse were noticed during these studies and different methods were tried to quantify the morphological changes 10,11 with a yield of 80 to 90%. Authors have extended the work of earlier researchers on morphological variations. The extended work is confined to Fourier analysis, which is well understood and extensively used for the past two centuries. In fact tomographic imaging has also become a reality due to Fourier analysis. Using Fourier Transform the authors have derived a new index called MI, which gives the ratio of high frequency spectral components to the total spectral density. In other words, it is a composite measure of distensibility, elasticity and compliance of arteries.
As observed during the study, the MI observed in 100 subjects varies from 0.3 to 0.89. The highest values have been recorded in asymptomatic volunteers and lowest values have been recorded in patients with coronary artery disease (eight in number). These observations suggest that the changes present in coronary arteries are also present in peripheral arteries thereby reducing the arterial compliance and hence the morphology index. Thus, Fourier analysis of peripheral pulse can be used to detect coronary artery disease in early stages.
